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(57) A fuel cell systenn 10 has a fuel cell 16 and a 
battery 24. An external load 30 is supplied with output 
power produced by the fuel cell and output power dis* 
charged from the battery. The fuel cell system includes 
a battery charge level nrK)nitoring unit 26 which monitors 
and detects a battery charge level, an accelerator* dis- 
placement sensor 32 which detects an accelerator's dis- 



placement value and a control unit 11 which calculates 
demand power to be produced by the fuel cell and var- 
ying rate of the displacement value. The control unit cor- 
rects the demand power by using a control map having 
a power correction pattern that is in response to a var- 
ying rate of the displacement value and the charge I v I 
of the battery. 




24 



BATTERY 



BATTHIY 
CHARGE 
LEVEL 
MONrrORiNG 
UNIT 



26 
V 



ACCELERATOR'S 
DISPLACEMENT 
SENSOR 



z 



DRIVE TRAIN 



Printed by Jouve. 7S001 PARIS (FR) 



EP 1 160 120 A2 

D scription 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a fuel cell systenn, a controller thereof and a method, and nnore particularly, 
to a fuel cell system, a controller thereof and a method for controlling demand power during acceleration in respons 
to a charge level of a battery. 

[0002] Since a fuel cell system of the type wherein feed material is reformed to produce hydrogen gas necessary 
for electric power generation relatively has a low response characteristic in production of electric power during a tran- 

10 sient condition, a battery of a large capacity is required in order to compensate for variation in demand power. 

[0003] In a start-up control of such a fuel cell system, it is a usual practice to monitor a charge level of the battery 
and to vary the flow rate of feed material to be reformed In the combustor in response to the charge level of the battery. 
In particular, a control process is employed wherein when the charge level of the battery is low. a fuel cell is started in 
operation to charge the battery. With such a control process, in order to meet rapid-rate variations in demand power 

15 needed for acceleration, a vehicle must carry a battery of a large size at high cost. 

SUMMARY OF THE INVENTION 

[0004] In view of the investigation by the present inventor, on the contrary, in order to meet demand power varying 
20 at the rapid rate, with the use of a battery of a small size, it has heretofore been thought to immediately infer a driver's 
will for acceleration from an accelerator pedal's depressed position or a throttle opening and to Implement control such 
that when acceleration at the rapid rate is discriminated, demand power, which is resultantly to be produced by the 
fuel cell, is increased and when rapid acceleration is discriminated, the demand power is corrected to a further increased 
level. 

25 [0005] In such a fuel cell system, however, since demand power is con-ected to an increased level dominantly by a 
displacement value of the accelerator pedal or degree of the throttle valve, i.e.. rapid-rate acceleration and slow-rate 
acceleration, accelerating at a low charge level of a battery causes a shortage in output power, probably resulting in 
poor accelerating performance. 

[0006] Further, in order to augment the poor accelerating performance caused by shortage of power output, although 
30 it has been contemplated to contre>l so as to increase the amount of demand power regardless of the battery charg 

level, the flow rate of hydrogen gas to be supplied to the fuel cell will increase beyond a higher level than necessary. 

with a resultant increase in the amount of surplus hydrogen gas owing to less consumption in hydrogen gas by the 

fuel cell. Then owing to combustion of the surplus hydrogen gas, the temperature of the combustor is increased to an 

excessively high level, causing undesirable effects therein. 
35 [0007] It is therefore an object of the present invention to overcome the above situations investigated by the present 

inventor and to provide a fuel cell system, controller thereof and method for controlling demand power in response to 

a battery charge level during acceleration. 

[0008] In the present invention, a fuel cell system Is provided with: a fuel cell producing output power; a battery 
discharging output power; a battery charge level monitoring unit monitoring and detecting a charge level of the battery; 

40 an accelerator's displacement sensor detecting an accelerator's displacement value; and a controller calculating de- 
mand powerto be produced bythefuel cell based on the accelerator's displacement value detected by the accelerator's 
displacement sensor, calculating an accelerator's displacement value per unit time based on the accelerator's displace- 
ment value, and correcting the demand power based on the accelerator's displacement value per unit time and th 
charge level of the battery detected by the battery charge level monitoring unit. 

45 [0009] In other words, a controller of a fuel cell system having a fuel cell producing output power and a batt ry 
discharging output power is provided with: means for monitoring and detecting a charge level of the battery; means 
for detecting an accelerator's displacement value; means for calculating demand powerto be produced by the fuel cell 
based on the accelerator's displacement value; means for calculating an accelerator's displacement value per unit time 
based on the accelerator's displacement value; and means for correcting the demand power based on the accelerator's 

50 displacement value per unit time and the charge level of the battery. 

[0010] Besides, a method of controlling a fuel cell system, which has a fuel cell producing output power and a batt ry 
discharging output power, monitoring and detecting a charge level of the battery; detecting an accelerator's displace- 
ment value; calculating demand power to be produced by the fuel cell based on the accelerator's displacement value; 
calculating an accelerator's displacement value per unit time bas d on the accelerator's displacement value; and cor- 

55 recting the demand power based on the accelerator's displacement value per unit time and the charge level of the 
battery. 

[0011] Other and further features, advantages, and benefits of the present invention will become more apparent from 
Uie following description tak n in conjunction with the following drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0012] 

5 FIG. 1 is a block diagram for illustrating a pr ferred first embodiment of a fuel cell system according to th present 

invention; 

FIG. 2 is a graph for illustrating the relationship between an accelerator's displacement signal and an accelerator's 
displacement value in the first preferred embodiment; 

FIG. 3 is a block diagram for illustrating the operation of a power distribution controller shown in the first preferred 
10 embodiment; 

FIG. 4 is a graph for illustrating a control map to obtain demand power from the accelerator's displacement value 
and a battery charge level In the first preferred embodiment; 

FIG. 5 is a graph for illustrating the relationship between the accelerator's displacement value and the demand 
power in the first preferred embodiment; 
15 FIG. 6 is a graph for illustrating the amount of demand power plotted in terms of a normal accelerating condition 

in the first preferred embodiment; 

FIG. 7 is a graph for illustrating the amount of demand power plotted in terms of a slow rate of acceleration in the 
first preferred embodiment; 

FIG. 8 is a graph for illustrating the amount of demand power plotted in terms of a rapid rate of acceleration in the 
20 first preferred embodiment; 

FIG. 9 is a block diagram of a second preferred embodiment of a fuel cell system according to the present invention; 
FIG. 10 is a graph for illustrating the relationship between electric power output generated by the fuel cell and th 
amount of hydrogen consumption therein In the second preferred embodiment; 

FIG. 11 is a graph for illustrating the relationship between the amount of surplus hydrogen and the temperature of 
25 a combustor in the second preferred embodiment; 

FIG. 12 is a graph for illustrating a control map to obtain a required amount of fuel correction from variation in th 
temperature of the combustor in the second preferred embodiment; 

FIG. 13 Is a graph for illustrating a control map to obtain the amount of fuel correction in terms of the values different 
from those in FIG. 4 in an another modified embodiment of the present invention; 
30 FIG. 14 is a graph for Illustrating how the temperature of the combustor is decreased at a delayed time, in an 

another modified embodiment of the present Invention; and 

FIG. 15 Is a graph for illustrating an inoperative region of a compressor in an another modified embodiment of the 
present invention. 

35 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0013] Hereinafter a fuel cell system, controller thereof and method of the embodiments according to the present 
invention will be described in detail in reference to the attached drawings. 

[0014] FIG.1 Is a block diagram illustrating a first preferred embodiment of a fuel cell system and a controller thereof 
according to the present invention. 

[0015] In the preferred embodiment, the fuel cell system 10 typically applied to a vehicle and Includes a control unit 
11 which is constructed of a microcomputer and necessary memories (not shown), a combustor 12 which combusts 
fuel, a hydrogen generator (reformer) 14 which reforms a feed material to produce hydrogen gas H. a fuel cell 16 which 
generates output power P by achieving electrochemical reaction of hydrogen and air, a compressor 18 which supplies 

45 air A to the combustor 12. the hydrogen generator 14 and the fuel ceil 16, a fuel supply unit 20 which supplies fu I F 
to the combustor 12. a material feeding unit 22 which feeds methanol and water as feed material FM to the hydrogen 
generator 14, a battery 24 which preferably charges output power P generated by the fuel cell 16 and which preferably 
discharges output power P, a battery charge level monitoring unit 26 which monitors a charge level of the battery 24 
to produce a battery charge-level signal BCL, a power distribution controller 28 which controls output power P from 

so the fuel cell 16 and battery 24 to be distributed, a drive train 30 (an external load) which converts output power into a 
motive power, an accelerator's displacement sensor 32 which detects a displacement value of an accelerator such as 
a stroke of an accelerator's pedal (not shown) depressed by a driver or degree of a throttle valve (not shown) to catch 
the driver's will for acceleration, and a temperature sensor 34 which detects the temperature of the combustor 12 to 
produce a t mperature det ctlon signal T which is applied to the control unit 11, 

55 [0016] The hydrogen generator 14 produces hydrogen rich gas by steam reforming methanol and water FM fed from 
the material feeding unit 22 and air (oxygen) A supplied from the compressor 18, with resultant hydrogen rich gas H 
being supplied to a fuel lectrode (an anode) of the fuel cell 16 while expelling exhaust gas. 

[0017] The fuel cell 16 also has an air lectrode (cathode), to which air A is supplied from the compressor 1 8 and 
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also hydrogen containing gas H is supplied from the hydrogen generator 14 as discussed above, with hydrogen and 
oxyg n reacting to generate output power. ^ ^ »u • ■ . j 

[00181 Surplus hydrogen containing gas SH and surplus air SA expelled fronn the fuel lectrode and the air electrode, 
respectively, in the fuel cell 16 are recycled to the combustor 12 wherein surplus hydrogen gas SH and surplus air SA 
5 are combusted, producing combustion gas. i. ., thermal energy TE for use in steam reforming. 

[0019] The control unit 11 is constructed having a RAM (not shown) which stores reference data, a ROM (not shown) 
. which stores control programs and a CPU (not shown) wfhich executes various calculation and computation in a manner 

as will be described below. a j i- j * »i. 

[0020] The CPU in the control unit 11 is supplied with the accelerator's displacement signal Acc delivered from tne 

10 accelerator's displacement sensor 32 and, in response thereto, calculates demand power, thereby producing a demand 
power signal DP to send to the power distribution controller 28. The relationship between the accelerator's displacement 
signal Acc and demand power is shown in FIG. 5. That is, as viewed in FIG. 5. demand power varies in proportion to 
the magnitude of the accelerator's displacement signal Acc. Thus, denrwnd power represents the drivel's will for ac- 
celeration of the vehicle. The CPU also in response to the accelerator's displacement signal, calculates an acceleration 

IS (accelerator's displacement value per unit time) in response thereto, thereby determining a normal or low-rate accel- 
eration a medium-rate or slow-rate acceleration and a rapid-rate acceleration, respectively. The CPU further functions 
to correct demand power with a power correction pattern in response to the accelerator's displacement value per unit 
time and the charge level of the battery in a manner as will be discussed in detail later. 

[0021] In operation, that is. in a normal operating mode, the hydrogen generator 14 is supplied with feed matenal 
20 FM from the material feeding unit 22 at a feed rate sufficient for allowing the fuel cell 16 to generate an electric power 
to be required. To this end. the control unit 11 produces a first command signal 11a which is applied to the matenal 
feeding unit 22 such that it feeds raw nraterial FM to the hydrogen generator 14 at a suitable feed rate. 
(0022] Feed material FM . which is fed to the hydrogen generator 14 from the material feeding unit 22. is reacted to 
produce hydrogen gas due to chemical reaction. Hydrogen gas H thus produced by the hydrogen generator 14 is 
25 supplied to the fuel electrode of the fuel cell 16, wherein the hydrogen gas H is subjected to chemical reaction with air 
A supplied from the compressor 18 to generate electric power output P. The control unit 11 also produces a second 
command signal 11 b for controlling the operation of the fuel supply unit 20 and a third command signal 1 1cfor controlling 

the operation of the compressor 18. both of which are operated in a manner as will be described later. 

[0023] Output power P generated in the fuel cell 16 is supplied to the drive train 30 at a rate required for a normal 

30 traveling state through the power distributing controller 28. 

[0024] In the mean time, hydrogen gas H and air A supplied to the fuel cell 16 are consumed therein at a reaction 
rate required for electric power generation, and non-reacted hydrogen gas and air are expelled from the fuel cell 16 
as surplus hydrogen gas SH and surplus air SA. Surplus hydrogen SH and surplus air SA are then recycled to the 
combustor 12 wherein these combusts each other, producing thermal energy TE necessaiy for allowing the hydrogen 

35 generator 14 to produce hydrogen gas. j i. j 

[0025] On the other hand in a transient operating mode, the fuel cell system 10 operates in a manner described 
below That is as shown in FIG. 2. when the driver depresses an accelerator pedal at the time of start-up or for an 
acceleration during a halt or during a normal traveling state, the accelerator's displacement sensor 32 detects the 
driver's will for acceleration to produce an accelerator's displacement signal Acc which is delivered to the control unit 

40 11. As viewed in the graph of FIG. 2. the accelerator's displacement signal Acc is a voltage signal which vanes in 
proportion to the accelerator's displacement value. 

[0026] The battery charge level monitoring unit 26 monitors a charge level of the battery 24 at all times and produces 
a battery charge-level signal BCL, which is applied through the power distribution controller 28 to the control unit 11 . 
[0027] As shown in a block diagram of FIG. 3 in detail, the power distribution controller 28 monitors the electnc power 
45 generated in the fuel cell 16. the charge level of the battery 24 and power required by auxiliary units such as the 
compressor 18 at all times and distributes power output P produced by the fuel cell 16 and power output P discharged 
by the battery 24 to the drive train 30 at a power level required therefor. 

[0028] FIG. 4 shows a control map that is used by the CPU of the control unit 11 to execute correction of demand 
power in terms of the acceleration, i.e., the accelerator's displacement value perunittime orvarying rate of accelerator s 

so displacement value, and the charge level of the battery 24. The control map includes a power correcHon pattern that 
is determined in terms of the varying rates of the accelerator' s displacement value and the charge level of the battery. 
As viewed in FIG. 4, the control map is composed of first, second and third power correction regions PCI . PC2 and 
PC3 for normal acceleration, slow-rate acceleration and rapid-rate acceleration, respectively. The first and second 
power corr ction r gions PCI and PC2 are defined with a first thr shold cuive 81 , and the second and third power 

55 correction regions PC2 and PC3 are defined with a second threshold curve S2, with the first and second threshold 
curves SI and S2 tracing threshold values which vary in a linear and oblique manner with a positiv inclination. In the 
first power correction region PCI for the normal acceleration, demand power is determin d merely on a basic incre- 
mental value in demand power and a correcting value is not added. In the second power connection r gion PC2 for the 
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slow-rate acceleration, demand power is deternnined to have a value wherein a first additional incrennental value defined 
for the slow-rate acceleration is added to a basic Incrennental value in demand power for such a situation. In th third 
power correction region PC3 for the rapid-rate acceleration, demand power is determined to have a value wherein a 
second additional incremental value defined for the rapid-rate acceleration is added to a basic increm ntal value in 
5 demand power for such a situation. 

[0029] More specifically, the CPU of the control unit 11 calculates the accelerator's displacement value per unit tim 
A Acc by using the accelerator's displacement signal Acc in a manner as shown in the following calculating formula 
for convenience: 

10 

Accelerator's displacement value per unit time A Acc = 
Accelerator's displacement signal Accnew - Accelerator's displacement signal Accold (1 ) 

15 wherein Accnew designates the newest accelerator's displacement value and Accold designates a preceding accel- 
erator's displacement value detected at a timing 100 ms before the newest accelerator's displacement value. 
[0030] A power correction value to be added to demand power is determined in terms of the accelerator's displace- 
ment value per unit time A Acc calculated from the above fomnula and the battery charge level by using the control 
map shown in FIG. 4, The power correction value to be added to demand power varies In response to the charge I vel 

20 of the battery 24 and the varying rate of the accelerator's displacement value. I.e., the rates of acceleration of the vehici . 
[0031] For example in the control map shown In FIG. 4, when the battery charge level remains in a range betw n 
0 and Q1 % and varying rate of the accelerator's displacement value A Acc remains at A Accp. demand power for the 
rapid-rate acceleration is equal to a value wherein the second additional incremental value specified for the rapid-rate 
acceleration is added to the basic incremental value in demand power (see FIG. 8). Further, when the battery charg 

25 level remains in a range between Q1 and Q2% and varying rate of the accelerator's displacement value A Acc remains 
at A Accp, demand power for the slow-rate acceleration is equal to a value wherein the first additional incremental 
specified for the slow-rate acceleration is added to the basic Incremental value in demand power (see FIG. 7). In 
addition, when the battery charge level remains in a range between Q2 and 100% and varying rate of the accelerator's 
displacement value A Acc remains at A Accp, demand power for normal acceleration is only based on the basic incre- 

30 mental value in demand power and no additional incremental value is added thereto (see FIG. 6). 

[0032] Thus, in the preferred embodiment, when the charge level of the battery remains In an adequately high range, 
since the battery 24 is capable of providing an adequate amount of output power even when the magnitude of accel- 
eration demand is large. In contrast, with less charge level in the battery, since the battery 24 is unable to provid an 
adequate output power to the extemal load even when the degree of acceleration demand is low. demand power is 

35 suitably increased. 

[0033] In the preferred embodiment, also, as shown by the threshold curves SI and S2 in FIG. 4, demand power 
varies in dependence on the battery charge level at boundaries corresponding to the linear and oblique lines (that is, 
corresponding to threshold values SI and S2) between the normal accelerating state and the slow-rate accelerating 
state and between the slow-rate and rapid-rate accelerating states. As a result, since power correction value to be 
"to added to demand power varies analogously along respective boundary lines between the normal accelerating and 
slow-rate accejerating states and between the slow-rate accelerating and rapid-rate accelerating states, the vehici is 
allowed to achieve smooth acceleration. 

[0034] Also more specifically, demand power required during acceleration to the fuel celt Is determined such that 
demand power calculated in response to the accelerator's displacement value Acc shown in FIG. 5 is added with a 
45 power correction value derived from the varying rate of accelerator's displacement value A Acc and the battery charge 
level and which is expressed as: 

Demand power at acceleration = (demand power depending 

50 

on the accelerator's displacement value) + (demand power 
depending on the accelerator's displacement value x power 

correction value determined for acceleration) (2) 

with this calculation, demand power is derived for the normal accelerating stat , the slow-rate accelerating state and 
the rapid-rate accelerating state in a manner as shown in FIGS. 6 to 8. 
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[00351 FIG 6 shows a graph for Illustrating demand power in terms of the battery charge level for th normal accel- 
erating state.' wherein since the accelerator's displacement value remains at low level, no power correction is imple- 
mented to demand pow r during acceleration. Further. FIG. 7 shows a graph for illustrating demand POwer in tenro 
of th slow-rate accelerating state, wherein the basic incremental value in demand power dunng he slow-rate accel- 
eration is added with the additional incremental value specified for the slow-rate acceleration. Also. FIG 8 shows a 
graph for illustrating demand power in terms of the battery charge level for the rapid-rate accelerating state wherein 
the basic incremental value in demand is added with the addttional incremental value specified for the rapid-rate ac- 

[0036] Thus^hen the battery charge level remains inadequate, although it is unable for the battery 24 to supply a 
part of power output required for acceleration, the fuel cell system of the preferred embodinrwnt allows transient demand 
power to be corrected with the accelerating power correction factor (see FIG. 8) only during acceleration, thereby 
producing an adequate amount of demand power as to the fuel cell without causing a shortage in output power for 
thereby meeting an accelerating performance. . u i ■ i 

[0037] On the contrary, in the preferred embodiment, when the battery 24 remains at an adequate charge level, since 
the battery 24 enables to supply a part of the power output necessary for acceleration, transient power output required 
for acceleration decreases even when the accelerator's displacementvalue has the same values that discussed above, 
preventing a decrease in consumption of the feed material and undesirable influence to the combustor 12 
[0038] FIG. 9 shows a block diagram of a second preferred embodiment of a fuel cell system according the present 
invention, with like parts bearing the same reference numerals as those used in FIG. 1 and detailed description of the 
like parts being herein omitted for the sake of clarity except the hydrogen generator 14. . , . 

[0039] In the second preferred embodiment shown in FIG. 9, the hydrogen generator 14 is constructed having a feed 
material evaporator 14a. a reformer 14b and a crude ingredient purifying unit 14c. ♦ ■ , cm 

[00401 The feed material evaporator 14a includes a heat exchanger which is supplied with feed material FM con- 
taining methanol and water, from thefeed material feeding unit 22 and which evaporates feed material in heat exchange 
with the themial energy TE fed from the combustor 12. producing evaporated feed material EFM such as evaporated 

nnethanol and water. ^ ■ . _t«j ^„tk«noi 

[0041] The reformer 14b includes a reactor which functions to achieve steam reforming of evaporated methanol, 
steam and air fed from the compressor 18. producing crude hydrogen rich gas Ho. ^. ^ ^ . . . , ^,.,,^=^ 
[0042] Since hydrogen rich gas Ho contains carbon monoxide, as toxic ingredient, which detenorates a catalytic 
Lterial of the fuel cell 16. carbon monoxide is removed from the crude ingredient purifying unit 14c. producing hydro- 
gen rich gas H with no carbon monoxide. . j uu a 
[0043] As shown in FIG. 9, although hydrogen gas H supplied to the fuel cell 16 is chemically reacted wrth air A and 
consumed for producing electric power output P, with non-reacted surplus hydrogen gas SH being recycled as aU^eady 
descrived in the first preferred embodiment, to the combustor 12 for combustion and utilized as thermal energy for 
evaporating feed material in the feed material evaporator 14a in the hydrogen generator 14. ^ 
[0044] By the way. as viewed in FIG. 10. as theamount of electric power output generated by the fuel cell 16 increases, 
the amount of consumption of hydrogen gas chemically reacted in the fuel cell 16 also increases. As shown in F a 
11 also as surplus hydrogen gas expelled from the fuel cell 1 6 decreases, the temperature of the combustor 1 2 ateo 
decreases . In particular, during the rapid-rate accelerating condition, the amount of power output increases, with a 
resultant remarkable decrease in the amount of hydrogen gas. j 
[00451 For this reason, in the second preferred embodiment, demand power is increased dunng the rapid-rate ac- 
celeration in the same manner as in the first preferred embodiment and also fuel F is supplied to the combustor 12 
from the fuel supply unit 20 at an increased flow rate to prevent the combustor 12 from being lowered in temperature. 
With this control, the combustor 12 is capable of supplying thennal energy, required for generation of hydrogen gas 
to the hydrogen generator 14 in a continuous manner, enhancing efficient generation of hydrogen gas with a resultant 
continuous and stable generation of electric power output. . -^^«.i«r<.i«r'c 
[0046] In this event, the acceleration of the vehicle can be discriminated in terms of the varying rate of the accelerators 
displacement value A Acc with the control map shown FIG.4, and thus the control map shown FIG.4 can be simply 

used to increase the fuel F. , . u »• « „.,„„,„„\ 

[00471 Besides, the temperature sensor 34 is mounted on the combustor 12 (or in a combustion gas flow passage) 
to produce a temperature signal T, and the accelerating power correction value to be combined with demand power 
may be determined by using a control map. shown in FIG. 12, which includes first, second and third correction regions 
PC4 PCS and PC6 with threshold cuwes S3 and S4 that are detemnined in terms the amount of vanation in the 
temperature of the combustor 12 and the charge level of the battery 24 respectively for normal accel ration, slow-rate 
acceleration and rapid-rate acceleration. In the first region PC4. a correction value is not added to a flow ra of fue 
F to be based, in the second region PCS. a correction value for a slow-rate acceleration is added to a flow rate of fuel 
F to be based, and in the third region PC6. a correction value for a rapid-rate acceleration is added to a flow rate of 
fuel F to be based, respectively. 
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[0048] In this event, furthemnore. since a decrease in the amount of surplus hydrogen gas results in a lowered tenrv 
perature of the conDbustor 12, the decreas in the temperature of the combustor 12 Is monitored with the temperature 
sensor 34 mounted to the combustor 12. thereby nnaking it possible to calculate the amount of incr ase in the temper- 
ature necessary for increasing the flow rate of fuel F supplied to the combustor 12 from the fu I supply unit 20 and. in 
5 proportion thereto, for increasing the flow rate of air A to be supplied to the combustor 1 2 from the compressor 18. 
[0049] While the fuel cell systems of the first and second preferred embodiments have been described, the fu I cell 
systems of the present invention may further be modified in a manner described below. 

[0050] For example, in the first preferred embodiment, although the correction of demand power has been discussed 
as being determined by using the control map shown in FIG. 4 in terms of the charge level of the battery 24 and the 

10 varying rate of accelerator' s displacement value, control of the flow rate of fuel to be supplied to the combustor 12 
maybe implemented by using a control map which has threshold values such as FIG. 13 different from those used In 
FIG. 4. FIG. 13 is a graph for illustrating this typical example, wherein since the correction factor to be implemented 
in the flow rate of fuel to prevent temperature drop in the combustor 12 is not unitarily determined In terms of th rate 
of acceleration, each of threshold curves S5 and S6 is desirably preset to a predetemnined value independently of the 

15 increase in demand power. In FIG. 13, more specifically, the control map includes first, second and third correction 
regions PC7. PCS and PC9 with the different threshold ounces S5 and S6 that are determined in terms of the varying 
rate of the accelerator's displacement value and the charge level of the battery 

[0051] By using such a control map having the threshold values different from those shown in FIG. 4. it is possible 
for the rate of flow of fuel to be controlled in a desirable manner without either abnormal temperature rise in the com- 
20 bustor 12, caused by excessive increase in fuel, or situation in which the temperature is not increased becaus of a 
lack In increase in the flow rate of fuel. 

[0052] In the preferred embodiments discussed above, also, fuel is supplied from the fuel supply unit 20 to the com- 
bustor 12 with a view to increasing demand power during the rapid-rate acceleration and preventing the temperature 
drop in the combustor 12. In this event, as shown in FIG. 14, when the response in the temperature drop in the combustor 
25 12 is later than the rate of increase in demand power, fuel may be supplied to the combustor 12 at a delayed time 
relative to the rate of increase in demand power. With such a control, it is possible to avoid the abnormal temperature 
rise in the combustor 12 or the situation in which the temperature is not increased. 

[0053] As shown in FIG. 15, furthermore, in a region where the charge level of the battery 24 is beyond B1 and the 
vehicle remains at the rapid-rate accelerating state beyond R1, although rapid-rate acceleration is required, the pres- 
30 ence of a high charge level of the battery 24 allows for the vehicle to achieve acceleration without the need for power 
output of the fuel cell system 10. That is, in this event, since a high priority is given to power output of the battery 24 
to be supplied to the drive train 30. the compressor 1 8 does not need to supply air to the fuel cell system 10 and. thus, 
it is desirable to momentarily interrupt the operation of the compressor 18. 

[0054] In the present invention, the presence of control in demand power during acceleration in response to a batt ry 
35 charge level allows demand power as to a fuel cell to be settled to an adequately high level necessary for achieving 
a comfortable accelerating performance even in a slow-rate of acceleration at a low charge level of a battery. 
[0055] In the event the battery remains at a high charge level, the demand power is not inordinately to increase, 
resulting in a reduction in surplus hydrogen gas that would othenwise cause an excessively high temperature ris in 
the combustor. 

^ [0056] By supplying surplus hydrogen gas recovered from the fuel cell and air to the combustor, the temperature of 
the combustor is increased. Further in this event, the flow rates of fuel and air to the combustor are increased, depending 
on accelerating correction factors to be added to demand power, allowing the combustor to produce a themnal en rgy 
in an efficient manner for enhancing reliable generation of hydrogen to permit the fuel cell to generate electric pow r 
In a stable manner. 

45 [0057] Besides in this event, determination of the flow rates of fuel and air to the combustor In terms of the operating 
temperature of the combustor and the charge level of the battery allows the combustor to be supplied with fuel at a 
suitable flow rate throughout whole operating conditions of the fuel cell system without an abnormal temperature rise 
caused by supply of fuel at an excessively increased flow rate or an undesirable situation wherein the temperatur of 
the combustor can not be increased. 

50 [0058] Further, supply of fuel to the combustor at a delayed time relative to an increase in demand power allows the 
supply of fuel to the combustor to be initiated at a time instant suitable for effectively preventing the abnormal temper- 
ature rise in the combustor and the situation wherein the temperature of the combustor is not increased. 
[0059] Still further, in th event the vehicle is subjected to the rapid-rate acceleration under a state wher in th battery 
remains at a high charge level, the compressor is t mporarily interrupted in operation for t mporarily interrupting the 

55 operation of the fuel cell while allowing th battery to discharge electric power to the el ctric drive train to achieve a 
enough accelerating performanc . 

[0060] The entire content of a Patent Application No. TOKUGAN 2000-1 59594 with a filing date of May 30. 2000 in 
Japan is her by incorporated by reference. 
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[0061] Although the invention has been described above by reference to certain embodiments of the invention, the 
invention is not limited to the embodiments described above. Modifications and variations of the embodim nts de- 
scribed above will occur to thos skilled in the art. in light of the teachings. Th scope of the Invention is defined w\h 
reference to the following claims. 



Claims 

1. A fuel cell system comprising: 

a fuel cell producing output power; 
a battery discharging output power; 

a battery charge level monitoring unit monitoring and detecting a charge level of the battery; 

an accelerator's displacement sensor detecting an accelerator's displacement value; and 

a controller calculating demand power to be produced by the fuel cell based on the accelerator's displacement 

value detected by the accelerator's displacement sensor, calculating an accelerator's displacement value p r 

unit time based on the accelerator's displacement value, and correcting the demand power based on the 

accelerator's displacement value per unit time and the charge level of the battery detected by the battery 

charge level monitoring unit. 

2. A fuel cell system according to claim 1 . wherein the controller corrects to increase the demand power. 

3. A fuel cell system according to claim 1 , further comprising: 

a combustor combusting fuel to produce thermal energy; and 

a hydrogen generator supplied with the thermal energy and producing hydrogen gas to be supplied to the fuel 
cell* 

and wherein surplus hydrogen gas expelled from the fuel cell is recycled to the combustor for combustion 
therein, and the controller controls temperature of the combustor based on the accelerator's displacement 
value per unit tin>e and the charge level of the battery. 

4 A fuel cell system according to claim 3, further comprising a fuel supply unit supplying fuel to the combustor. and 
wherein the controller controls amount of the fuel supplied to the combustor based on the accelerator's displace- 
ment value per unit time and the charge level of the battery. 

5 A fuel cell system according to claim 4, further comprising a compressor supplying air to the combustor. and wherein 
the controller controls amount of the air supplied to the combustor based on the accelerator's displacement value 
per unit time and the charge level of the battery. 

6. A fuel cell system according to claim 5. wherein the controller controls to supply the fuel and the air to the combustor 
at a predetermined delayed time after the demand power is con-ected. 

7 A fuel cell system according to claim 5. wherein when the accelerator's displacement value per unit time exceeds 
a predetermined value and the charge level of the battery exceeds a predetermined value, the controller interrupts 
the operation of the compressor. 

8. A fuel cell system according to claim 1 , further comprising: 

a combustor combusting fuel to produce thermal energy; 

a hydrogen generator supplied with the thermal energy and producing hydrogen gas to be supplied to the fu I 
cell; and 

a temperature sensor detecting temperature of the combustor, 

and wherein surplus hydrogen gas expelled from the fuel cell is recycled to the combustor for combustion 
th rein, and the controller controls temperature of the combustor based on the t mperature of the combustor 
detected by the temperature sensor and the charge level of the battery. 

9. A fuel cell system according to claim 8. further comprising a fuel supply unit supplying fuel to th combustor. and 
wherein the controller controls amount of the fuel supplied to the combustor based on the temperature of the 
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combustor and the charge level of the battery. 

10. A fuel ceil system according to claim 9, further comprising a compressor supplying airto the combustor, and wherein 
the controller controls amount of the air supplied to the combustor based on the temperature of the combustor and 

5 the charge level of th battery. 

11. A fuel cell system according to claim 10, wherein the controller controls to supply the fuel and the air to the conrv 
bustor at a predetermined delayed time after the demand power is corrected. 

10 12. A fuel cell system according to claim 10. wherein when the accelerator's displacement value per unit time exceeds 
a predetermined value and the charge level of the battery exceeds a predetermined value, the controller interrupts 
the operation of the compressor 

13. A fuel cell system according to claim 1 , wherein the controller corrects the demand power by using a control map 
15 including a power correction pattem determined in terms of the accelerator's displacement value per unit time and 

the charge level of the battery. 

14. A fuel cell system according to claim 1 3, wherein the power correction pattern has a threshold value linearly chang- 
ing in response to the charge level of the battery. 



20 



15. A fuel cell system according to claim 3, wherein the controller controls the temperature of the combustor by using 
a control map including a power correction pattern determined in terms of the accelerator's displacement value 
per unit time and the charge level of the battery. 

25 16. A fuel cell system according to claim 15, wherein the power correction pattern has a threshold value linearly chang- 
ing in response to the charge level of the battery. 

17. A fuel cell system according to claim 3. wherein the controller controls the temperature of the combustor by using 
a control map including a power correction pattem determined in terms of the temperature of the combustor and 

30 the charge level of the battery. 

18. A fuel cell system according to claim 1 7. wherein the power correction pattem has a threshold value linearly chang- 
ing in response to the charge level of the battery. 

35 19. A controller of a fuel cell system provided with a fuel cell producing output power and a battery discharging output 
power, the controller comprising: 

means for monitoring and detecting a charge level of the battery; 
means for detecting an accelerator's displacement value; 
^ means for calculating demand power to be produced by the fuel cell based on the accelerator's displacement 

value; 

means for calculating an accelerator's displacement value per unit time based on the accelerator's displace- 
nr^nt value; and 

means for correcting the demand power based on the accelerator' s displacement value per unit time and the 
45 charge level of the battery. 

20. A method of controlling a fuel cell system provided with a fuel cell producing output power and a battery discharging 
output power, the method comprising: 

50 monitoring and detecting a charge level of the battery; 

detecting an accelerator's displacement value; 

calculating demand power to be produced by the fuel cell based on the accelerator's displacement value; 
calculating an accelerator's displacement value per unit time based on th accelerator's displacement value; 
and 

55 correcting the demand power based on the accelerator's displacement value per unit time and the charge lev I 

of the battery. 
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